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LOADING AND RELEASE OF WATER-INSOLUBLE DRUGS 

FIE LD OF T H E INVENT ION 

The invention relates to methods and devices 
5 for the localized delivery of substantially water- 
insoluble drug agents within the body. 

BACKGROUND 

The systemic administration of drug agents, 

10 such as by transoral or intravenous means, treats the 
body as a whole even though the disease to be treated may 
be localized. In such a case, systemic administration 
may not be desirable because, for example, the drug 
agents may have unwanted effects on parts of the body 

15 which are not to be treated, or because treatment of the 
diseased part of the body requires a high concentration 
of drug agent that may not be achievable by systemic 
administration . 

It is therefore often desirable to administer 

2 0 drug agents at a localized site within the body. Common 
examples include cases of localized disease or occluded 
body lumens. Various methods have been proposed for such 
localized drug administration. For example, U.S. Patent 
No. 5,3 04,121, hereby incorporated by reference, 

25 discloses a method of delivering water-soluble drugs to 
tissue at desired locations of a body lumen wall. The 
method generally includes the steps of impregnating a 
hydrogel polymer on an expandable catheter with an 
aqueous drug solution, inserting the catheter into a 

30 blood vessel to a desired location, and expanding the 
catheter against the surrounding tissue allowing the 
release of the drug to the tissue. This method of 
localized drug delivery using hydrogel polymer 
impregnation has a limitation of being applicable to drug 

35 agents which are dissolved in water at concentrations 

1 
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sufficient for therapeutic gel loading levels. There 
thus exists a need for a method and apparatus for the 
localized delivery of drug agents within the body, where 
the drug agents are substantially water-insoluble. 

SUMMARY OF THE INVENTTON 

One objective of the present invention is to 
provide a method and apparatus for the localized delivery 
of substantially water-insoluble drug agents to 
predetermined locations within the human body, 

A further objective of the present invention is 
to provide a method and apparatus to facilitate gradual, 
localized release of drug agents at predetermined 
locations within the human body. 

A further objective of the invention is to 
administer drug agents by diffusion directly into the 
tissue requiring treatment. The drug is preferably 
applied in a manner that does not further injure the 
tissue to be treated, and administration is selectively 
and evenly distributed over the treated area such that 
the drug can be taken up by the tissue, without, for 
example, being washed away by body fluids. 

The present invention provides methods and 
medical devices for the localized delivery of 
substantially water-insoluble drugs agents. 

A particular embodiment of the present 
invention features a catheter and method for delivering 
substantially water-insoluble drug agents to tissue at a 
desired location along body lumen walls. The catheter is 
constructed for insertion in a body lumen and has a 
catheter shaft and an expandable portion mounted on the 
catheter shaft. The expandable portion is expandable to 
fill the cross-section of the body lumen. At least a 
portion of the exterior surface of the expandable portion 
is defined by a polymer coating. Incorporated into the 
polymer coating is at least one substantially water- 
insoluble drug. The catheter is positioned to a desired 
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target location within the body, whereupon the polymer 
coating absorbs water, thus dissolving the drug and 
resulting in the diffusion of the drug out of the polymer 
coating. The polymer and drug are selected to allow 
controlled release of a desired dosage of the drug from 
the polymer . 

BRIEF DESCRIPTTO N OF THF DRAWTMH.q 

Fig. la shows one embodiment of the present 
invention in which a drug solution is impregnated into a 
polymer-coated balloon catheter. 

Fig, lb shows the insertion of a polymer-coated 
balloon catheter into a body lumen, in accordance with 
the present invention. 

Fig. ic shows the expansion of a polymer-coated 
balloon catheter at an occlusion site within a body 
lumen, in accordance with the present invention. 

Fig, 2 shows a drug delivery balloon catheter 
embodiment of the present invention including a sheath 
for covering the catheter as it is being moved through a 
vessel toward the occlusion to be treated. 

Figs. 3a and 3b show the release profile of 
paclitaxel from a balloon catheter having a polyacrylic 
acid-based coating for up to 50 and 5000 minutes, 
respectively, in accordance with the present invention. 

Figs. 4a and 4b show the release profile of 
dexamethasone from a balloon catheter having a 
polyacrylic acid-based coating for up to 30 and 400 
minutes, respectively, in accordance with the present 
30 invention. 

Fig. 5 shows the release profiles of 
molsidomine from various balloon catheters having a 
polyacrylic acid-based coating for up to 5 minutes, in 
accordance with the present invention. 

Fig- 6 shows the release profiles of 
dexamethasone from various balloon catheters having a 
polyacrylic acid-based coating for up to 450 minutes, in 



20 
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accordance with the present invention. 

Figs. 7a and 7b show the release profiles of 
water-soluble and substantially water-insoluble estradiol 
from balloon catheters having a polyacrylic acid-based 
5 coatings for up to lo and 200 minutes, respectively, in 
accordance with the present invention. 

Fig. 8 shows the release profile of paclitaxel 
for up to 10 days from polyurethane coated stents dipped 
in 3 0 mg/ml paclitaxel in ethanol for 3 days, in 
10 accordance with the present invention. 

Fig. 9 shows the release profiles of paclitaxel 
from various polyurethane-coated balloon catheters for up 
to 2 hours, in accordance with the present invention. 

15 DETATT.Fn DESCRTPTJ OM 

The present invention provides methods and 
medical devices for the localized delivery of one or more 
substantially water-insoluble drug agents to 
predetermined locations within the human body. 

accordance . with an embodiment of the 
invention, a substantially water-insoluble drug agent is 
dissolved in a volatile organic solvent. "Organic 
solvent" is intended to mean a singular organic solvent or 
a solvent mixture having at least one organic component. 
25 The solvent mixture also includes mixtures of water with 
miscible organic solvents. The drug solution is then 
applied to a polymer coating on a medical device that is 
adapted for insertion into the body. Examples of such 
medical devices include catheters, guide wires, balloons, 
30 filters (e.g., vena cava filters), stents, stent grafts,' 
vascular grafts, implants and other devices used 
connection with drug-loaded polymer coatings. 

In a preferred embodiment, the polymer 
provided in the form of a coating on an expandable 
35 portion of a catheter. After applying the drug solution 
to the polymer and evaporating the volatile solvent from 
the polymer, the catheter is inserted into a body lumen 
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where it is positioned to a target location. The 
expandable portion of the catheter is subsequently 
expanded to bring the drug-impregnated polymer coating 
into contact with the lumen wall. The drug is released 
from the polymer as it slowly dissolves into the aqueous 
bodily fluids and diffuses out of the polymer. This 
enables administration of the drug to be site-specific, 
limiting the exposure of the rest of the body to the 
drug . 

The polymer used in the present invention is 
preferably capable of absorbing a substantial amount of 
drug solution. When applied as a coating on a medical 
device in accordance with the present invention, the dry 
polymer is typically on the order of about i to 10 
microns thick, preferably about 2 to 5 microns. Very 
thin polymer coatings, e.g., of about 0.2-0.3 microns and 
much thicker coatings, e.g., more than 10 microns, are 
also possible. it is also within the scope of the 
present invention to apply multiple layers of polymer 
20 coating onto a medical device. Such multiple layers are 
of the same or different polymer materials. 

The polymer of the present invention is 
hydrophilic or hydrophobic, and is selected from the 
group consisting of polycarboxylic acids, cellulosic 
polymers, gelatin, polyvinylpyrrolidone, maleic anhydride 
polymers, polyamides, polyvinyl alcohols, polyethylene 
oxides, glycosaminoglycans, polysaccharides, polyesters, 
polyacrylamides, polyethers, and copolymers thereof.' 
Coatings from polymer dispersions such as polyurethane 
30 dispersions (BAYHDROL, etc.) and acrylic latex 
dispersions are also within the scope of the present 
invention. The preferred polymer is polyacrylic acid, 
available as HYDROPLUS (Boston Scientific Corporation,' 
Natick, Mass.), and described in U.S. Pat. No. 5,091,205, 
the disclosure of which is hereby incorporated herein by 
reference. U.S. Patent No. 5,091,205 describes medical 
devices coated with one or more polyisocyanates such that 
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the devices become instantly lubricious when exposed to 
body fluids. 

By "substantially water-insoluble drug" is meant 
any therapeutic agent having a greater solubility in 
5 organics than in water. More specifically, such drugs 
have a water solubility of no greater than 1 part drug to 
30 parts water, more typically no greater than 1 part 
drug to 1,000 parts water. Such solubilities are 
described as "sparingly soluble" to "very slightly soluble" 

10 in the art. 

The drug agents used in the present invention 
are selected from a number of drug types depending on the 
desired application. For example, these drugs include 
anti-inflammatory agents such as dexamethasone , 

15 prednisolone, corticosterone , budesonide, estrogen, 
sulfasalazine, mesalamine, and analogues thereof; 
antineoplastic/ antiprolif erative/anti-miotic agents such 
as paclitaxel, 5-f luorouracil , cisplatin, vinblastine, 
vincristine, epothilones, endostatin, angiostatin, 

2 0 thymidine kinase inhibitors, and analogues thereof; 
anesthetic agents such as lidocaine, bupivacaine, 
ropivacaine, and analogues thereof; anti-coagulants; and 
growth factors. 

In accordance with the present invention, the 

25 drug agents are dissolved in a volatile organic solvent 
such as, for example, ethanol, isopropanol, chloroform, 
acetone, pentane, hexane, or methylene chloride, to 
produce a drug solution. The drug solution is then 
applied to the polymer. A volatile organic solvent 

30 typically is selected to provide drug solubilities much 
greater than the corresponding aqueous solubility for the 
substantially water-insoluble drug. Accordingly, 
application of the drug solution to the polymer often 
results in drug loadings that are orders of magnitude 

35 greater than loadings that can be achieved by application 
of a saturated aqueous solution of the drug to the 
polymer. 

6 
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The drug solution is applied to the polymer 
coating by any suitable means, including dipping the 
polymer coating into the drug solution or by applying the 
solution onto the coating such as by pipet. In the 
5 former method, the amount of drug loading is controlled 
by regulating the time the polymer is immersed in the 
drug solution, the extent of polymer cross-linking, the 
concentration of the drug in the solution and/or the 
amount of polymer coating. In another embodiment of the 

10 invention, the drug is incorporated directly into the 
polymer prior to the application of the polymer topcoat 
as a coating onto a medical device. 

After applying the drug solution to the polymer 
coating, the volatile solvent is evaporated from the 

15 coating, for example, by drying in air or in an oven. 

The release profile of the drug from the 
polymer coating is determined by many factors including 
the drug solubility, and the thickness and porosity of 
the polymer coating. When an expandable member such as 

20 a balloon catheter is used to administer the drug, 
pressure can be used to increase the rate of drug 
transfer to the tissue. An increase in pressure 
increases the diameter of the balloon and therefore the 
diameter of the surrounding tissue, thereby increasing 

25 the surface area for drug transfer. The amount of drug 
that is delivered per unit time is therefore increased. 

When an expandable catheter is chosen as the 
medical device of the present invention, the expandable 
portion is preferably a balloon, in which case the drug 

30 is placed in the polymer for controlled release of the 
drug upon expansion of the balloon against a body lumen. 
The expandable portion optionally includes a stent, 
mountable in a body lumen by expansion thereof. The 
catheter also optionally comprises a sheath member which 

35 is extendable over the expandable portion to inhibit 
release of the drug into body fluids during placement of 
the catheter. 

7 
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Referring now to Figs, la-lc, an embodiment for 
the localized delivery of substantially water-insoluble 
drugs to a predetermined location within the body is 
described. The drug administration method shown in Figs. 
5 la-lc illustrates the use of the present invention in 
conjunction with an angioplasty process. Catheter device 
1 comprises a body 3 having a balloon 4 attached at its 
distal end. The balloon 4 on the catheter 3 includes a 
polymer coating 6. As shown in Fig. la, drug solution 8 
10 is impregnated into the polymer coating with the balloon 
in its substantially deflated state prior to insertion 
into the patient. As shown in Fig. ib, after the 
volatile solvent is evaporated, the device 1 is inserted 
into a body lumen 2 having a region to be treated, such 
15 as an occlusion due to a deposition of plaque 5 on the 
lumen wall tissue 9. The device 1 is moved along the 
vessel to position the balloon 4 at the occlusion site, 
as shown in Fig. ic. The lumen may be, for example, a 
narrow, tortuous opening through which the catheter is 
20 passed by torquing or other known techniques. As shown 
in Fig. ic, the balloon is inflated to provide close 
contact between the drug- impregnated polymer coating 6 
and the surrounding plaque and tissue. As water from the 
body penetrates into the polymer coating 6, it begins to 
dissolve the drug agent, which subsequently diffuses out 
of the polymer coating 6 and into the surrounding plaque 
and tissue. 

During drug administration, a substantial 
amount of the drug contained in the polymer coating is 
diffused into the affected area. The inflation pressure 
needed to expand the balloon catheter and dilate the 
lumen, if necessary, is typically in the range of about 
1 to 2 0 atm. The balloon is formed of any suitable 
materials such as vinyl polymers such as polyethylene; 
polyesters such as polyethylene terephthalate ; polyamides 
such as nylon; polyolefins and copolymers thereof (e.g., 
Selar, Pebax, Surlyn, Hytrel, etc.). The balloon is 
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optionally a perfusion balloon, which allows blood to 
perfuse the catheter to prevent ischemia during delivery. 
A perfusion balloon is particularly preferred for long 
arterial delivery times and when the delivery drug is 
only very slightly soluble in water. 

Referring to the embodiment of the invention 
illustrated in Fig. 2, the balloon portion 4 of catheter 

3 is optionally covered by a protective sheath 7 while 
the instrument 1 is inserted into a body lumen 2 and 
positioned at a treatment region. As the coated balloon 

4 is positioned at occluded site 5, the protective sheath 
7 is drawn back to expose the balloon 4. In an 
alternative embodiment, the sheath remains stationary 
while the catheter moves the coated balloon forward into 
the occluded region. The sheath 7 protects the coating 
and inhibits premature release of the drug. Such a 
sheath might be particularly advantageous when using 
drugs which are not sufficiently water-insoluble or if 
even minor delivery to tissue during catheter placement 
is a problem, e.g. for extremely toxic drugs. 

Although Figs. 1 and 2 illustrate the 
application of the present invention to an angioplasty 
process, the present invention is also used to administer 
drug agents to target locations where there is no 
occlusive f ormation. 

Procedures for preparing a drug delivery 
balloon catheter with a polymer coating are presented in 
the following non-limiting examples. 

Example — Ij Release kinetic s of paclitaxel from 

POlvacrvlic acid-based coating, 

A 2 mg/ml solution of paclitaxel is prepared in 
chloroform. The solution is gently agitated until the 
paclitaxel is completely dissolved. The solution is 
applied via pipet to a balloon catheter having a 
polyacrylic acid-based coating and inflated to 2 atm. A 
total of 100 /Lxl of solution, and hence 200 /xg of 
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paclitaxel, is applied to the catheter. The balloon 
catheter is then dried in air for 30 minutes and in a 
vacuum oven for 48 hours at 50°C to evaporate the 
chloroform. The catheter is then immersed in a solution 
5 of 1% dimethyl sulfoxide (DMSO) and phosphate buffered 
saline (PBS) having a pH of 7.4 for in-vitro drug release. 
The cumulative amount of paclitaxel released from the 
catheter coating yields the data shown in Figs. 3a and 
3b. 

10 

Example 2: Release kinetics of dexamethasone from 
polyacrylic acid-based coating. 

Solutions containing 1.5 mg/ml and 200 ^g/ml of 
dexamethasone in chloroform, are prepared by gently 

15 agitating until the dexamethasone is completely 
dissolved. The solutions are separately applied via 
dripping to separate balloon catheters having polyacrylic 
acid-based coatings and inflated to 2 atm. A total of 
100 111 of each solution is applied to each respective 

20 catheter, corresponding to dexamethasone loadings of 150 
/xg and 20 jug, respectively. These results can be 
contrasted with the inability to apply substantial 
amounts of dexamethasone to polyacrylic acid-based 
coatings using aqueous solutions, in which case only 

25 about 1 /xg of dexamethasone can be loaded into such 
coatings. The balloon catheters are then dried in a 
vacuum oven for 2 hours at 50°C to evaporate the 
chloroform solvent. The catheters are thereafter 

immersed in PBS (pH = 7,4) to track the release of 

3 0 dexamethasone over time. The cumulative amount of 
dexamethasone released from each catheter yields the data 
shown in Figs. 4a and 4b. 

Example 3: Release kinetics of molsidomine from 
3 5 polyacrylic acid-based coating. 

Various solutions of molsidomine in volatile 
solvents are prepared and applied to balloon catheters by 

10 
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the methods indicated in Table I. In the "dip" 

application technique, each balloon catheter having a 
polyacrylic acid-based coating is dipped into its 
respective solution for 10 minutes. In the "pipet" 

5 application technique, 200 /ul of solution is pipetted 
onto its respective coated balloon catheter while slowly 
turning* All samples are dried in an oven for 30 

minutes at 50^C and thereafter immersed in PBS (pH = 7.4) 
to track the release of molsidomine over time. The 
10 cumulative amount of molsidomine released from each 
catheter yields the data shown in Fig. 5a and 5b. 

Table I* Molsidomine solution characterization, and 
methods of applying molsidomine solution to polymer 
15 coated catheters. 



Sample 


Solvent 


Concentration (mg 
Molsidomine per ml 
solvent) 


Application 
technique 


1 


chloroform 


150 


dip 


2 


chloroform 


30 


pipet 


3 


chloroform 


150 


pipet 


4 


ethanol 


30 


pipet 


5 


ethanol 


30 


dip 



25 Example 4: Release kinetics of dexamethasone added 

to polyacrylic acid-based topcoat formulation. 

Rather than forming a solution of dexamethasone 
in an organic solvent and then applying this solution to 
polymer-coated balloon catheters as in Example 2, 

30 dexamethasone is added directly to the polymer used to 
coat the balloon catheters. Dexamethasone is weighed out 
into 0.05 g, 0.1 g, and 0.2 g samples, each of which is 
each added to 1 ml lots of polymer topcoat solution 
containing polyacrylic acid, methyl ethyl ketone, 

35 dimethyl formamide, and t-butyl alcohol. The 
dexamethasone samples are mixed with the polymer topcoat 



11 
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solutions until completely dissolved. The dexamethasone- 
containing polymer topcoat solutions are separately 
applied via dripping to separate, uncoated balloon 
catheters inflated to 2 atm. After drying in a vacuum 
5 oven for 2 hours at SO^'C, the catheters are immersed in 
PBS (pH = 7.4) to track the release of dexamethasone over 
time. The cumulative amount of dexamethasone released 
from each catheter yields the data shown in Fig. 6. 

10 Example 5: Comparative release kinetics for water- 

soluble and water-insoluble estradiol. 

Estradiol is provided in both water-soluble and 
substantially water-insoluble forms. Water-soluble 
estradiol is applied to a balloon catheter coated with a 

15 polyacrylic acid-based coating by i) preparing a 10 
mg/ml solution of water-soluble estradiol in deionized, 
ultra-filtered water; and ii) placing the balloon 
catheter, inflated to 2 atm, into 200 /il of the solution 
for 20 minutes. Water-insoluble estradiol is applied to 

20 a balloon catheter coated with a polyacry lic-acid based 
coating by i) preparing a 10 mg/ml solution of 

substantially water-insoluble estradiol in methanol; and 
ii) dripping 100 /Ltl of the solution onto the balloon 
catheter. The catheters are thereafter immersed in PBS 

25 (pH = 7.4) to track the release of both water-soluble and 
water-insoluble estradiol over time. Greater release is 
observed for the substantially water-insoluble form of 
estradiol when compared to the water-soluble form. The 
cumulative amount of estradiol released from each 

30 catheter yields the data shown in Figs. 7a and 7b. 

Example 6: In-vivo delivery of paclitaxel from 
polyacrylic acid-based coating. 

A 9.8 mg/ml solution of radio-labeled 
35 paclitaxel in chloroform is prepared. A total of 50 fil 
of the solution is applied via pipet to a balloon 
catheter having a polyacrylic acid-based coating. The 

12 
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paclitaxel from the coated balloon catheter is then 
released in-vivo to porcine arteries. After release for 
a predetermined amount of time, the paclitaxel remaining 
in the coating is extracted using two sequential ethanol 
5 washes* The amount of paclitaxel released in the pig 
bloodstream, as calculated from the amount of paclitaxel 
loaded into the coating minus that extracted from the 
coating after delivery, is shown in Table II. 



13 
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Table II, Amount of paclitaxel released into pig 
bloodstream from an impregnated, polyacrylic acid-based 
coated balloon catheter, as a function of delivery time. 



Amount of 
time in 
bloodstream 


Amount of 
paclitaxel 
extracted from 
balloon after 
delivery (fig) 


TUnount of 
paclitaxel 
released in 
bloodstream 

(Mg) 


% of 

paclitaxel 
released in 
bloodstream 


1 minute 


182 ± 1 


307 


63 


5 minutes 


160 ± 30 


330 


68 



10 

Example 7j Deliver y of paclitaxel to explanted 

porcine arteries from polyacrylic acid-based 

coating- 

15 A 9.8 mg/ml solution of radio-labeled 

paclitaxel in chloroform is prepared. A total of 50 /xl 
of the solution is applied via pipet to a balloon 
catheter having a polyacrylic acid-based coating. The 
coated balloon catheter is then delivered to an explanted 

20 porcine artery for 15 minutes. After delivery, the 
paclitaxel remaining in the coating is extracted using 
two sequential ethanol washes. The delivered paclitaxel 
is extracted from the vessel, also by using two 
sequential ethanol washes. In addition, the vessel is 

25 placed in tissue solvent and counted for paclitaxel. 
Using these extraction methods, at least 80% of the 
paclitaxel loaded onto the balloon catheter is recovered, 
as shown in Table III, 

30 
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Table III. Paclitaxel recovery from ex vivo delivery to 
porcine artery. 



Amount paclitaxel loaded onto balloon 


489 Mg 


Amount paclitaxel extracted from the 
balloon after delivery 


360 fiq 


Amount paclitaxel extracted from artery 


3 0 /xg 


Amount paclitaxel counted from tissue 
solution 


1 Atg 


Total paclitaxel measured 


391 Mg 


Percentage of paclitaxel recovered 


80% 



Example 8: Release kinetics of paclitaxel from 
15 polyurethane-based stent coating. 

Slotted tube stainless steel stents are coated 
with polyurethane by spraying a 1 wt% solution of 
CHRONOFLEX polyurethane (made by CT Biomaterials) in 
tetrahydrof uran directly onto the stent surface. The 
20 coated stents are dried in a vacuum oven for three hours 
at 70°C. 

Each polyurethane coated stent is placed in a 
vial, which is filled to maximum volume (1.5 ml) with a 
solution of paclitaxel in ethanol, and sealed. The stent 

25 is stored in the vial for three days at room temperature. 
The stent is then removed from the vial and dried for one 
hour at 65°C^ 

The above procedure is conducted using 
solutions of varying concentrations. Each stent is 

30 analyzed for paclitaxel content by extraction in 
dichloromethane solvent. The results are presented in 
Table IV below. Samples 1 and 2 were obtained using a 
paclitaxel concentration of lOmg/ml, samples 3 and 4 
using a 20 mg/ml solution and sample 5 and 6 using a 30 

35 mg/ml solution. 

Table IV. Paclitaxel content. 

15 
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Sample 
# 


Paclitaxel 
cone- 
( ma /ml ) 


Paclitaxel 
content 


Coating 
Wt . 
\ My J 


Paclitaxel 
A^g coating 


1 


10 


44 . 8 


796 


0. 06 


2 


10 


88, 2 


859 


0 , 10 


3 


20 


151.2 


718 


0. 21 


4 


20 


127. 6 


702 


0, 18 


5 


30 


157. 1 


736 


0.21 


6 


30 


144 . 3 


629 


0.23 



10 These results suggest that Paclitaxel loading 

is relatively independent of paclitaxel concentration 
above 20 mg/ml, assuming equilibrium is attained in the 
three-day period. Nevertheless, the 3 0 mg/ml paclitaxel 
concentration is chosen for release studies as it 

15 produces the maximum paclitaxel loading (21-23%) , while 
still being sufficiently below the saturation 
concentration for paclitaxel in ethanol (39 mg/ml) . 

Seven polyurethane coated stents are loaded 
using a 30 mg/ml paclitaxel solution, removed and dried 

20 as set forth above. Paclitaxel from four of the stents 
is extracted in dichloromethane solvent. The results of 
this extraction are presented in Table V below: 

25 



Table V. Paclitaxel content. 



Sample 
# 


Paclitaxel 
cone . 
(mg/ml) 


Paclitaxel 
content 

(Mg) 


Coating 
Wt . 

(Mg) 


^g Paclitaxel 
per 
fjLg coating 


1 


30 


111.7 


676 


0 . 17 


2 


30 


50 


627 


0. 08 


3 


30 


45.3 


612 


0. 07 


4 


30 


37.4 


602 


0. 06 



The remaining three stents are immersed in a 



16 



■^SDOCID: <WO_9908729A1J_> 



wo 99/08729 



PCT/US98/16775 



solution of phosphate buffered saline solution having pH 
7.4 at 37°C. Cumulative release as a function of time is 
presented in Fig. 8. 

5 Ex^piple — 2j PeXeas^ kinetics of paclitaxel from 

polyureth ane-based balloon catheter coating. 

Nylon balloons are coated with polyurethane by 
dipping into a 9 wt% solution of CHRONOFLEX polyurethane 
in dimethylacetamide. The balloons are dried in a vacuum 

10 oven overnight at 50°C. 

Each polyurethane coated balloon is loaded with 
paclitaxel either by dipping the coated balloon into a 
paclitaxel and ethanol solution or by dripping a known 
volume of a paclitaxel and ethanol solution onto the 

15 balloon surface . 

In the first instance, a stock saturated 
solution of paclitaxel in ethanol is prepared. Then the 
polyurethane-coated balloon is inflated and submerged in 
the paclitaxel stock solution in a tube. The tube and 

20 balloon are well-sealed to prevent solvent evaporation. 
After remaining in the tube overnight, the ethanol is 
evaporated from the balloon over a suitable time period, 
such as about fifteen minutes . Five "dip-coated" 
balloons are prepared in this fashion. 

25 In the second instance, a stock solution of 

paclitaxel having a concentration of 10 mg/ml prepared. 
Twenty ml of this paclitaxel stock solution are then 
pipetted onto an inflated polyurethane-coated balloon, 
providing a total mass of 200 mg of paclitaxel per 

3 0 balloon. Afterwards, ethanol is evaporated from the 
balloon over a suitable time period, such as about 
fifteen minutes. Five "drip-coated" balloons are 

prepared in this fashion. 

Two drip-loaded balloons and two dip-loaded 

35 balloons are taken and the paclitaxel extracted in 
dichloromethane to determine total paclitaxel content. 
The paclitaxel content of the dip-coated balloons is 

17 
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found to be 1093 -f/- 439 fxq , while the drip-coated 
balloons are found to have 215 +/- ii jug paclitaxel. 

For comparison, nylon balloons are coated with 
paclitaxel/polyurethane by dipping the balloons into a 
5 dispersion of 14.5 wt% BAYHYDROL polyurethane (made by 
Bayer) and 2.6 wt% paclitaxel in a mixture of 73.6 vol% 
N-methylpyrrolidinone and 26.4 vol% water. Balloons are 
dried in a vacuum oven overnight at 50°C. The dried 
coatings contain 15% paclitaxel by weight. Nine balloons 

10 are formed. Seven balloons are tested for paclitaxel 
loading yielding an average of 196 +/- 44 /zg paclitaxel 
after extraction in dichloromethane . 

The remaining three drip-loaded balloons from 
above, the remaining three dip-loaded balloons from 

15 above, and the remaining two balloons with the 15% 
paclitaxel formulated coating are placed in a solution 
of phosphate buffered saline solution having pH 7.4 at 
37''C, and cumulative paclitaxel release is measured as a 
function of time. The results of this study are 

20 presented in Fig. 9. 

It is to be appreciated that the parameters 
described in the above examples are merely illustrative 
and that the present invention is not limited to such 
parameters. For example, in each of the examples 
provided, any suitable polymer may be used for the 
polymer coating, any suitable drying time periods and 
temperatures may be used, any suitable organic solvent 
may be used, any suitable method for applying the polymer 
coatings to the medical devices may be used, any suitable 
method for applying the drugs to the polymer coatings may 
be used, any suitable water-insoluble analogue of the 
disclosed drugs may be used, and any suitable drug 
loading concentrations may be used. 

The present invention provides a previously 
unknown method and medical device for the localized 
delivery of substantially water-insoluble drugs. Those 

18 
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with skill in the art may recognize various modifications 
to the embodiments of the invention described and 
illustrated herein. Such modifications are meant to be 
covered by the spirit and scope of the appended claims. 
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We claim : 

11. A method comprising the steps of: 
2 

3 providing a polymer; 
4 

5 providing a medical device adapted for insertion 

6 in a body; 
7 

8 coating at least a portion of the exterior 

9 surface of the medical device with the polymer 
10 to form a polymer coating; and 

11 

12 applying a drug solution to the polymer, said 

13 drug solution comprising at least one 

14 substantially water-insoluble drug dissolved in 

15 an organic solvent, 

1 2. The method of claim 1, further comprising the step of 

2 drying said polymer coating such that substantially 

3 all of said solvent is evaporated. 

1 3. The method of claim 1, wherein said polymer is 

2 selected from the group consisting of polycarboxylic 

3 acids, cellulosic polymers, gelatin, 

4 polyvinylpyrrolidone, maleic anhydride polymers, 

5 polyamides, polyvinyl alcohols, polyethylene oxides, 

6 glycosaminoglycans , polysaccharides , polyesters , 

7 polyacry lamides , polyethers, polyurethane 

8 dispersions, acrylic latex dispersions, and mixtures 

9 and copolymers thereof. 

1 4. The method of claim 3, wherein said polymer is 

2 poly aery lie acid . 

1 5. The method of claim 1, wherein said at least one 

2 substantially insoluble drug is selected from the 

20 
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3 group consisting of dexamethasone , molsidomine, 

4 prednisolone, corticosterone , budesonide, estrogen, 

5 sulfasalazine, mesalamine, paclitaxel, cisplatin, 

6 vinblastine, vincristine, epothilones, endostatin, 

7 angiostatin, lidocaine, bupivacaine and ropivacaine^ 

1 6. The method of claim 1, wherein said organic solvent 

2 is selected from the group consisting of ethanol, 

3 isopropanol, chloroform, acetone, pentane, hexane, 

4 methylene chloride, and mixtures thereof. 

1 7. The method of claim 6, wherein said organic solvent 

2 includes water. 

1 8. The method of claim 1, wherein said step of applying 

2 a drug solution to said polymer includes the step of 

3 dipping said polymer into said drug solution. 

1 9. The method of claim 1, wherein said drug solution is 

2 applied to said polymer before said polymer is coated 

3 onto said medical device. 

1 10. The method of claim 1, wherein said drug solution is 

2 applied to said polymer after said polymer , is coated 

3 onto said medical device. 

1 11. The method of claim 1, wherein said medical device is 

2 selected from catheters, guide wires, balloons, 

3 filters , stents , vascular grafts , and implants . 

1 12. The method of claim 11, wherein said medical device 

2 is a catheter comprising a shaft and an expandable 

3 portion mounted on said shaft, at least a portion of 

4 the exterior surface of the expandable portion being 

5 covered with said polymer coating. 

1 13. The method of claim 1, further comprising positioning 
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2 said medical device at a desired location in a body 

3 lumen, 

1 14. The method of claim 13, wherein said medical device 

2 is a catheter comprising a shaft and an expandable 

3 portion mounted on said shaft, at least a portion of 

4 the exterior surface of the expandable portion being 

5 covered with said polymer coating. 

1 15, The method of claim 14, further comprising the step 

2 of expanding said expandable portion of said 

3 catheter. 

1 16. The method of claim 15, wherein said catheter 

2 comprises a sheath member which is extendable over 

3 said expandable portion. 

1 17. The method of claim 16, further comprising the steps 

2 of: 
3 

4 extending said sheath over said expandable 

5 portion prior to said positioning; and 
6 

7 exposing said expandable portion from said 

8 sheath prior to said expanding. 

1 18. The method of claim 1, wherein said step of coating 

2 comprises the step of applying multiple layers of said 

3 polymer to said medical device. 

1 19. A medical device for delivering a substantially 

2 water-insoluble drug at a desired location within a body, 

3 comprising: 
4 

5 a medical device adapted for insertion in a 

6 body; and 
7 

22 
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8 a polymer coating containing at least one 

9 substantially water-insoluble drug provided on 

10 at least a portion of said medical device, 

11 " wherein said substantially water-insoluble drug 

12 has a water-solubility no greater than 1 part 

13 drug to 30 parts water. 



1 20. The medical device of claim 19, wherein said drug has 

2 a water solubility no greater than 1 part drug to 1,000 

3 parts water. 

1 21. The medical device of claim 20, wherein said medical 

2 device is a catheter for delivering substantially water- 

3 insoluble drugs to a desired location within a body lumen, 

4 said catheter comprising: 



5 

6 a shaft; 
7 

8 an expandable portion mounted on said shaft; and 
9 

10 a polymer coating on at least a portion of said 

11 expandable portion of said catheter , said 

12 polymer coating being impregnated with at least 

13 one substantially water-insoluble drug. 

1 22. The medical device of claim 21, wherein said 



2 expandable portion includes an inflatable balloon. 

1 23. The medical device of claim 22, further comprising a 

2 sheath member extendable over said expandable portion. 

1 24. The medical device of claim 19, wherein said polymer 

2 is selected from the group consisting of polycarboxylic 

3 acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, 

4 maleic anhydride polymers, polyamides, polyvinyl alcohols, 

5 polyethylene oxides, glycosaminoglycans , polysaccharides, 

6 polyesters, polyacrylamides , polyethers, polyurethane 
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7 dispersions, acrylic latex dispersions, and mixtures and 

8 copolymers thereof. 

1 25. The medical device of claim 24, wherein said polymer 

2 is polyacrylic acid. 

1 26. The medical device of claim 19, wherein said at least 

2 one substantially water-insoluble drug is selected from 

3 the group consisting of dexamethasone , molsidomine, 

4 prednisolone, corticosterone , budesonide, estrogen, 

5 sulfasalazine, mesalamine, paclitaxel, cisplatin, 

6 vinblastine, vincristine, epothilones, endostatin, 

7 angiostatin, lidocaine, bupivacaine and ropivacaine. 

1 27. The medical device of claim 21, wherein said 

2 expandable portion includes a stent. 

1 28. The medical device of claim 19, wherein said polymer 

2 coating is layered. 

1 29. A polymer containing at least one substantially 

2 water-insoluble drug. 

1 30. The polymer of claim 29, wherein said polymer is 

2 selected from the group consisting of polycarboxylic 

3 acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, 

4 maleic anhydride polymers, polyamides, polyvinyl alcohols, 

5 polyethylene oxides, glycosaminoglycans , polysaccharides, 

6 polyesters, polyacrylamides , polyethers, polyurethane 

7 dispersions, acrylic latex dispersions, and mixtures and 

8 copolymers thereof. 

1 31. The polymer of claim 30, wherein said polymer is 

2 polyacrylic acid. 

1 32. The polymer of claim 29, wherein said at least one 

2 substantially water-insoluble drug is selected from the 
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3 group consisting of dexamethasone , molsidoniine , 

4 prednisolone, corticosterone, budesonide, estrogen, 

5 sulfasalazine, mesalamine, paclitaxel, cisplatin, 

6 vinblastine, vincristine, epothilones, endostatin, 

7 angiostatin, lidocaine, bupivacaine and ropivacaine. 

1 33. The method of claim 1, wherein said polymer is 

2 polyurethane . 

1 34. The method of claim 1, wherein said medical device is 

2 a stent. 

1 35. The method of claim 1, wherein said drug is 

2 paclitaxel . 

1 36. The method of claim 1, wherein said medical device is 

2 a stent, said polymer is polyurethane, and said drug is 

3 paclitaxel. 

1 37. The medical device of claim 19, wherein said polymer 

2 is polyurethane. 

1 38. The medical device of claim 19, wherein said medical 

2 device is a stent. 

1 39. The medical device of claim 19, wherein said drug is 

2 paclitaxel. 

1 40. The medical device of claim 19, wherein said medical 

2 device is a stent, said polymer is polyurethane, and said 

3 drug is paclitaxel. 

1 41. The polymer of claim 29, wherein said polymer is 

2 polyurethane. 

1 42. The polymer of claim 29, wherein said drug is 

2 paclitaxel. 
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1 43. The polymer of claim 29, wherein said polymer is 

2 polyurethane and said drug is paclitaxel. 
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LOADING AND RELEASE OF WATER- INSOLUBLE DRUGS 

FIELD OF THE INVENTION 

The invention relates to methods and devices 
5 for the localized delivery of substantially water- 
insoluble drug agents within the body. 

BACKG ROWP 

The systemic administration of drug agents, 

10 such as by transoral or intravenous means, treats the 
body as a whole even though the disease to be treated may 
be localized. In such a case, systemic administration 
may not be desirable because, for example, the drug 
agents may have unwanted effects on parts of the body 

15 which are not to be treated, or because treatment of the 
diseased part of the body requires a high concentration 
of drug agent that may not be achievable by systemic 
administration . 

It is therefore often desirable to administer 

20 drug agents at a localized site within the body. Common 
examples include cases of localized disease or occluded 
body lumens. Various methods have been proposed for such 
localized drug administration. For example, U.S. Patent 
No. 5,304,121, hereby incorporated by reference, 

25 discloses a method of delivering water-soluble drugs to 
tissue at desired locations of a body lumen wall. The 
method generally includes the steps of impregnating a 
hydrogel polymer on an expandable catheter with an 
aqueous drug solution, inserting the catheter into a 

30 blood vessel to a desired location, and expanding the 
catheter against the surrounding tissue allowing the 
release of the drug to the tissue . This method of 
localized drug delivery using hydrogel polymer 
impregnation has a limitation of being applicable to drug 

35 agents which are dissolved in water at concentrations 

1 
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sufficient for therapeutic gel loading levels. There 
thus exists a need for a method and apparatus for the 
localized delivery of drug agents within the body, where 
the drug agents are substantially water-insoluble. 

5 

SUMMARY OF THE INVENTION 

One objective of the present invention is to 
provide a method and apparatus for the localized delivery 
of substantially water-insoluble drug agents to 
10 predetermined locations within the human body, 

A further objective of the present invention is 
to provide a method and apparatus to facilitate gradual, 
localized release of drug agents at predetermined 
locations within the human body. 
15 A further objective of the invention is to 

administer drug agents by diffusion directly into the 
tissue requiring treatment. The drug is preferably 
applied in a manner that does not further injure the 
tissue to be treated, and administration is selectively 
20 and evenly distributed over the treated area such that 
the drug can be taken up by the tissue, without, for 
example, being washed away by body fluids. 

The present invention provides methods and 
medical devices for the localized delivery of 
25 substantially water-insoluble drugs agents. 

A particular embodiment of the present 
invention features a catheter and method for delivering 
substantially water-insoluble drug agents to tissue at a 
desired location along body lumen walls. The catheter is 
30 constructed for insertion in a body lumen and has a 
catheter shaft and an expandable portion mounted on the 
catheter shaft. The expandable portion is expandable to 
fill the cross-section of the body lumen. At least a 
portion of the exterior surface of the expandable portion 
35 is defined by a polymer coating. Incorporated into the 
polymer coating is at least one substantially water- 
insoluble drug. The catheter is positioned to a desired 

2 
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target location within the body, whereupon the polymer 
coating absorbs water, thus dissolving the drug and 
resulting in the diffusion of the drug out of the polymer 
coating. The polymer and drug are selected to allow 
5 controlled release of a desired dosage of the drug from 
the polymer . 

BRIEF DE SCRIPTION OF THF DRAWTNr^.q 

Fig. la shows one embodiment of the present 
10 invention in which a drug solution is impregnated into a 
polymer-coated balloon catheter. 

Fig. lb shows the insertion of a polymer-coated 
balloon catheter into a body lumen, in accordance with 
the present invention. 

Fig- shows the expansion of a polymer-coated 
balloon catheter at an occlusion site within a body 
lumen, in accordance with the present invention. 

Fig. 2 shows a drug delivery balloon catheter 
embodiment of the present invention including a sheath 
20 for covering the catheter as it is being moved through a 
vessel toward the occlusion to be treated. 

Figs. 3a and 3b show the release profile of 
paclitaxel from a balloon catheter having a polyacrylic 
acid-based coating for up to 50 and 5000 minutes, 
25 respectively, in accordance with the present invention. 

Figs. 4a and 4b show the release profile of 
dexamethasone from a balloon catheter having a 
polyacrylic acid-based coating for up to 3 0 and 400 
minutes, respectively, in accordance with the present 
30 invention. 

Fig. 5 shows the release profiles of 
molsidomine from various balloon catheters having a 
polyacrylic acid-based coating for up to 5 minutes, in 
accordance with the present invention. 

Fig. 6 shows the release profiles of 
dexamethasone from various balloon catheters having a 
polyacrylic acid-based coating for up to 450 minutes, in 
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accordance with the present invention. 

Figs. 7a and 7b show the release profiles of 
water-soluble and substantially water-insoluble estradiol 
from balloon catheters having a polyacrylic acid-based 
5 coatings for up to lO and 200 minutes, respectively, in 
accordance with the present invention. 

Fig. 8 shows the release profile of paclitaxel 
for up to 10 days from polyurethane coated stents dipped 
in 30 mg/ml paclitaxel in ethanol for 3 days, in 
10 accordance with the present invention. 

Fig. 9 shows the release profiles of paclitaxel 
from various polyurethane-coated balloon catheters for up 
to 2 hours, in accordance with the present invention. 

15 DETATLKO DKSCRTPTTOM 

The present invention provides methods and 
medical devices for the localized delivery of one or more 
substantially water-insoluble drug agents to 
predetermined locations within the human body. 
^° ^" accordance with an embodiment of the 

invention, a substantially water-insoluble drug agent is 
dissolved in a volatile organic solvent. "Organic 
solvent" is intended to mean a singular organic solvent or 
a solvent mixture having at least one organic component. 
25 The solvent mixture also includes mixtures of water with 
miscible organic solvents. The drug solution is then 
applied to a polymer coating on a medical device that is 
adapted for insertion into the body. Examples of such 
medical devices include catheters, guide wires, balloons, 
30 filters (e.g., vena cava filters), stents, stent grafts, 
vascular grafts, implants and other devices used in 
connection with drug-loaded polymer coatings. 

In a preferred embodiment, the polymer is 
provided in the form of a coating on an expandable 
35 portion of a catheter. After applying the drug solution 
to the polymer and evaporating the volatile solvent from 
the polymer, the catheter is inserted into a body lumen 
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where it is positioned to a target location. The 
expandable portion of the catheter is subsequently 
expanded to bring the drug- impregnated polymer coating 
into contact with the lumen wall. The drug is released 
5 from the polymer as it slowly dissolves into the aqueous 
bodily fluids and diffuses out of the polymer. This 
enables administration of the drug to be site-specific, 
limiting the exposure of the rest of the body to the 
drug. 

^° '^^^ polymer used in the present invention is 

preferably capable of absorbing a substantial amount of 
drug solution. When applied as a coating on a medical 
device in accordance with the present invention, the dry 
polymer is typically on the order of about 1 to 10 
15 microns thick, preferably about 2 to 5 microns. Very 
thin polymer coatings, e.g., of about 0.2-0.3 microns and 
much thicker coatings, e.g., more than 10 microns, are 
also possible. it is also within the scope of the 
present invention to apply multiple layers of polymer 
coating onto a medical device. Such multiple layers are 
of the same or different polymer materials. 

The polymer of the present invention is 
hydrophilic or hydrophobic, and is selected from the 
group consisting of polycarboxylic acids, cellulosic 
polymers, gelatin, polyvinylpyrrolidone, maleic anhydride 
polymers, polyamides, polyvinyl alcohols, polyethylene 
oxides, glycosaminoglycans, polysaccharides, polyesters, 
polyacrylamides, polyethers, and copolymers thereof! 
Coatings from polymer dispersions such as polyurethane 
30 dispersions (BAYHDROL, etc.) and acrylic latex 
dispersions are also within the scope of the present 
invention. The preferred polymer is polyacrylic acid, 
available as HYDROPLUS (Boston Scientific Corporation, 
Natick, Mass.), and described in U.S. Pat. No. 5,091,205,' 
the disclosure of which is hereby incorporated herein by 
reference. U.S. Patent No. 5,091,205 describes medical 
devices coated with one or more polyisocyanates such that 
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the devices become instantly luforicious when exposed to 
body fluids . 

By "substantially water-insoluble drug" is meant 
any therapeutic agent having a greater solubility in 
5 organics than in water. More specifically, such drugs 
have a water solubility of no greater than 1 part drug to 
30 parts water, more typically no greater than 1 part 
drug to 1,000 parts water. Such solubilities are 
described as "sparingly soluble" to "very slightly soluble" 
10 in the art. 

The drug agents used in the present invention 
are selected from a number of drug types depending on the 
desired application. For example, these drugs include 
anti-inflammatory agents such as dexamethasone , 

15 prednisolone , corticosterone , budesonide , estrogen , 
sulfasalazine, mesalamine, and analogues thereof; 
antineoplastic/ antiprolif erative/anti-miotic agents such 
as paclitaxel, 5-f luorouracil , cisplatin, vinblastine, 
vincristine , epothilones , endostatin , angiostatin , 

20 thymidine kinase inhibitors, and analogues thereof; 
anesthetic agents such as lidocaine, bupivacaine, 
ropivacaine, and analogues thereof; anti-coagulants; and 
growth factors. 

In accordance with the present invention, the 
25 drug agents are dissolved in a volatile organic solvent 
such as, for example, ethanol, isopropanol, chloroform, 
acetone, pentane, hexane, or methylene chloride, to 
produce a drug solution. The drug solution is then 
applied to the polymer, A volatile organic solvent 
30 typically is selected to provide drug solubilities much 
greater than the corresponding aqueous solubility for the 
substantially water-insoluble drug. Accordingly, 
application of the drug solution to the polymer often 
results in drug loadings that are orders of magnitude 
3 5 greater than loadings that can be achieved by application 
of a saturated aqueous solution of the drug to the 
polymer. 
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The drug solution is applied to the polymer 
coating by any suitable means, including dipping the 
polymer coating into the drug solution or by applying the 
solution onto the coating such as by pipet, in the 
5 former method, the amount of drug loading is controlled 
by regulating the time the polymer is immersed in the 
drug solution, the extent of polymer cross-linking, the 
concentration of the drug in the solution and/or the 
amount of polymer coating. In another embodiment of the 
10 invention, the drug is incorporated directly into the 
polymer prior to the application of the polymer topcoat 
as a coating onto a medical device. 

After applying the drug solution to the polymer 
coating, the volatile solvent is evaporated from the 
15 coating, for example, by drying in air or in an oven. 

The release profile of the drug from the 
polymer coating is determined by many factors including 
the drug solubility, and the thickness and porosity of 
the polymer coating. When an expandable member such as 
20 a balloon catheter is used to administer the drug, 
pressure can be used to increase the rate of drug 
transfer to the tissue. An increase in pressure 
increases the diameter of the balloon and therefore the 
diameter of the surrounding tissue, thereby increasing 
25 the surface area for drug transfer. The amount of drug 
that is delivered per unit time is therefore increased. 

When an expandable catheter is chosen as the 
medical device of the present invention, the expandable 
portion is preferably a balloon, in which case the drug 
30 is placed in the polymer for controlled release of the 
drug upon expansion of the balloon against a body lumen. 
The expandable portion optionally includes a stent, 
mountable in a body lumen by expansion thereof. The 
catheter also optionally comprises a sheath member which 
35 is extendable over the expandable portion to inhibit 
release of the drug into body fluids during placement of 
the catheter. 

7 
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Referring now to Figs, la-lc, an embodiment for 
the localized delivery of substantially water-insoluble 
drugs to a predetermined location within the body is 
described. The drug administration method shown in Figs, 
5 la-lc illustrates the use of the present invention in 
conjunction with an angioplasty process. Catheter device 
1 comprises a body 3 having a balloon 4 attached at its 
distal end. The balloon 4 on the catheter 3 includes a 
polymer coating 6. As shown in Fig. la, drug solution 8 
10 is impregnated into the polymer coating with the balloon 
in its substantially deflated state prior to insertion 
into the patient. As shown in Fig. lb, after the 
volatile solvent is evaporated, the device 1 is inserted 
into a body lumen 2 having a region to be treated, such 
15 as an occlusion due to a deposition of plaque 5 on the 
lumen wall tissue 9, The device 1 is moved along the 
vessel to position the balloon 4 at the occlusion site, 
as shown in Fig. Ic, The lumen may be, for example, a 
narrow, tortuous opening through which the catheter is 
20 passed by torquing or other known techniques. As shown 
in Fig. Ic, the balloon is inflated to provide close 
contact between the drug-impregnated polymer coating 6 
and the surrounding plaque and tissue. As water from the 
body penetrates into the polymer coating 6, it begins to 
25 dissolve the drug agent, which subsequently diffuses out 
of the polymer coating 6 and into the surrounding plaque 
and tissue. 

During drug administration, a substantial 
amount of the drug contained in the polymer coating is 

3 0 diffused into the affected area. The inflation pressure 
needed to expand the balloon catheter and dilate the 
lumen, if necessary, is typically in the range of about 
1 to 20 atm. The balloon is formed of any suitable 
materials such as vinyl polymers such as polyethylene; 

35 polyesters such as polyethylene terephthalate; polyamides 
such as nylon; polyolefins and copolymers thereof (e.g., 
Selar, Pebax, Surlyn, Hytrel, etc.). The balloon is 



8 
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optionally a perfusion balloon, which allows blood to 
perfuse the catheter to prevent ischemia during delivery, 
A perfusion balloon is particularly preferred for long 
arterial delivery times and when the delivery drug is 
5 only very slightly soluble in water. 

Referring to the embodiment of the invention 
illustrated in Fig, 2, the balloon portion 4 of catheter 

3 is optionally covered by a protective sheath 7 while 
the instrument 1 is inserted into a body lumen 2 and 

10 positioned at a treatment region. As the coated balloon 

4 is positioned at occluded site 5, the protective sheath 
7 is drawn back to expose the balloon 4. In an 
alternative embodiment, the sheath remains stationary 
while the catheter moves the coated balloon forward into 

15 the occluded region. The sheath 7 protects the coating 
and inhibits premature release of the drug. Such a 
sheath might be particularly advantageous when using 
drugs which are not sufficiently water-insoluble or if 
even minor delivery to tissue during catheter placement 

20 is a problem, e.gr. for extremely toxic drugs* 

Although Figs. 1 and 2 illustrate the \ 
application of the present invention to an angioplasty 
process, the present invention is also used to administer 
drug agents to target locations where there is no 

25 occlusive formation. 

Procedures for preparing a drug delivery 
balloon catheter with a polymer coating are presented in 
the following non-limiting examples. 

30 EX^Tnple U Release kinetics of paclitaxel from 

polvacrvlic acid-bas ed coating. 

A 2 mg/ml solution of paclitaxel is prepared in 
chloroform. The solution is gently agitated until the 
paclitaxel is completely dissolved. The solution is 
35 applied via pipet to a balloon catheter having a 
polyacrylic acid-based coating and inflated to 2 atm. A 
total of 100 Ml of solution, and hence 200 fig of 

9 
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paclitaxel, is applied to the catheter. The balloon 

catheter is then dried in air for 30 minutes and in a 
vacuum oven for 48 hours at 50°C to evaporate the 
chloroform. The catheter is then immersed in a solution 
5 of 1% dimethyl sulfoxide (DMSO) and phosphate buffered 
saline (PBS) having a pH of 7 . 4 for in-vitro drug release. 
The cumulative amount of paclitaxel released from the 
catheter coating yields the data shown in Figs, 3a and 
3b. 

10 

Example 2: Release kinetics of dexamethasone from 
polyacrylic acid-based coating. 

Solutions containing 1.5 mg/ml and 200 fig/ml of 
dexamethasone in chloroform, are prepared by gently 

15 agitating until the dexamethasone is completely 
dissolved. The solutions are separately applied via 
dripping to separate balloon catheters having polyacrylic 
acid-based coatings and inflated to 2 atm. A total of 
100 fjil of each solution is applied to each respective 

20 catheter, corresponding to dexamethasone loadings of 150 
/xg and 20 ixg, respectively. These results can be 
contrasted with the inability to apply substantial 
amounts of dexamethasone to polyacrylic acid-based 
coatings using aqueous solutions, in which case only 

25 about 1 /ig of dexamethasone can be loaded into such 
coatings. The balloon catheters are then dried in a 
vacuum oven for 2 hours at 50 ""C to evaporate the 
chloroform solvent. The catheters are thereafter 

immersed in PBS (pH = 7.4) to track the release of 

3 0 dexamethasone over time. The cumulative amount of 
dexamethasone released from each catheter yields the data 
shown in Figs. 4a and 4b. 

Example 3: Release kinetics of molsidomine from 
35 polyacrylic acid-based coating. 

Various solutions of molsidomine in volatile 
solvents are prepared and applied to balloon catheters by 

10 
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the methods indicated in Table I. In the "dip" 

application technique, each balloon catheter having a 
polyacrylic acid-based coating is dipped into its 
respective solution for 10 minutes. In the "pipet" 

5 application technique, 200 of solution is pipetted 

onto its respective coated balloon catheter while slowly 
turning. All samples are dried in an oven for 3 0 

minutes at 50**C and thereafter immersed in PBS (pH = 7.4) 
to track the release of molsidomine over time. The 
10 cumulative amount of molsidomine released from each 
catheter yields the data shown in Fig. 5a and 5b. 

Table I. Molsidomine solution characterization, and 
methods of applying molsidomine solution to polymer 
15 coated catheters. 



Sample 


Solvent 


Concentration (mg 
Molsidomine per ml 
solvent) 


Application 
technique 


1 


chloroform 


150 


dip 


2 


chloroform 


30 


pipet 


3 


chloroform 


150 


pipet 


4 


ethanol 


30 


pipet 


5 


ethanol 


30 


dip 



25 Example 4: Release kinetics of dexamethasone added 

to polyacrylic acid-based topcoat formulation. 

Rather than forming a solution of dexamethasone 
in an organic solvent and then applying this solution to 
polymer-coated balloon catheters as in Example 2, 

30 dexamethasone is added directly to the polymer used to 
coat the balloon catheters. Dexamethasone is weighed out 
into 0.05 g, 0.1 g, and 0.2 g samples, each of which is 
each added to 1 ml lots of polymer topcoat solution 
containing polyacrylic acid, methyl ethyl ketone, 

35 dimethyl formamide, and t-butyl alcohol. The 
dexamethasone samples are mixed with the polymer topcoat 
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solutions until completely dissolved. The dexamethasone- 
containing polymer topcoat solutions are separately 
applied via dripping to separate, uncoated balloon 
catheters inflated to 2 atm. After drying in a vacuum 
5 oven for 2 hours at 50° C, the catheters are immersed in 
PBS (pH = 7.4) to track the release of dexamethasone over 
time- The cumulative amount of dexamethasone released 
from each catheter yields the data shown in Fig. 6. 

10 Example 5: Comparative release kinetics for water- 

soluble and water-insoluble estradiol. 

Estradiol is provided in both water-soluble and 
substantially water-insoluble forms. Water-soluble 
estradiol is applied to a balloon catheter coated with a 

15 polyacrylic acid-based coating by i) preparing a 10 
mg/ml solution of water-soluble estradiol in deionized, 
ultra-filtered water; and ii) placing the balloon 
catheter, inflated to 2 atm, into 200 /xl of the solution 
for 20 minutes. Water-insoluble estradiol is applied to 

20 a balloon catheter coated with a polyacrylic-acid based 
coating by i) preparing a 10 mg/ml solution of 
substantially water-insoluble estradiol in methanol; and 
ii) dripping 100 ^1 of the solution onto the balloon 
catheter. The catheters are thereafter immersed in PBS 

25 (pH = 7.4) to track the release of both water-soluble and 
water-insoluble estradiol over time. Greater release is 
observed for the substantially water-insoluble form of 
estradiol when compared to the water-soluble form. The 
cumulative amount of estradiol released from each 

30 catheter yields the data shown in Figs. 7a and 7b. 

Example 6: In-vivo delivery of paclitaxel from 
polvacrvlic acid-based coating. 

A 9.8 mg/ml solution of radio-labeled 
35 paclitaxel in chloroform is prepared. A total of 50 fxl 
of the solution is applied via pipet to a balloon 
catheter having a polyacrylic acid-based coating. The 
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paclitaxel from the coated balloon catheter is then 
released in-vivo to porcine arteries. After release for 
a predetermined amount of time, the paclitaxel remaining 
in the coating is extracted using two sequential ethanol 
5 washes. The amount of paclitaxel released in the pig 
bloodstream, as calculated from the amount of paclitaxel 
loaded into the coating minus that extracted from the 
coating after delivery, is shown in Table II, 
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Table II. Amount of paclitaxel released into pig 
bloodstream from an impregnated, polyacrylic acid-based 
coated balloon catheter, as a function of delivery time. 



Amount of 
time in 
bloodstream 


Amount of 
paclitaxel 
extracted from 
balloon after 
delivery (/xg) 


Amount of 
paclitaxel 
released in 
bloodstream 

(Mg) 


% Of 

paclitaxel 
released in 
bloodstream 


1 minute 


182 ± 1 


307 


63 


5 minutes 


160 ± 30 


330 


68 



10 

Example 7: Delivery of paclitaxel to explanted 
porcine arteries from polyacrylic acid-based 
coating. 

15 A 9.8 mg/ml solution of radio-labeled 

paclitaxel in chloroform is prepared. A total of 50 fxl 
of the solution is applied via pipet to a balloon 
catheter having a polyacrylic acid-based coating . The 
coated balloon catheter is then delivered to an explanted 

20 porcine artery for 15 minutes. After delivery, the 
paclitaxel remaining in the coating is extracted using 
two sequential ethanol washes. The delivered paclitaxel 
is extracted from the vessel , also by using two 
sequential ethanol washes. In addition, the vessel is 

25 placed in tissue solvent and counted for paclitaxel. 
Using these extraction methods, at least 80% of the 
paclitaxel loaded onto the balloon catheter is recovered, 
as shown in Table III. 

30 
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Table III. Paclitaxel recovery from ex vivo delivery to 
porcine artery. 



Amount paclitaxel loaded onto balloon 


489 fxg 


Amount paclitaxel extracted from the 
balloon after delivery 


360 ixg 


Amount paclitaxel extracted from artery 


30 fjLq 


Amount paclitaxel counted from tissue 
solution 


1 Mg 


Total paclitaxel measured 


391 /xg 


Percentage of paclitaxel recovered 


80% 



Example 8: Release kinetics of paclitaxel from 
15 polyurethane-based stent coating. 

Slotted tube stainless steel stents are coated 
with polyurethane by spraying a 1 wt% solution of 
CHRONOFLEX polyurethane (made by CT Biomaterials) in 
tetrahydrof uran directly onto the stent surface. The 
20 coated stents are dried in a vacuum oven for three hours 
at TO'^C. 

Each polyurethane coated stent is placed in a 
vial, which is filled to maximum volume (1,5 ml) with a 
solution of paclitaxel in ethanol, and sealed. The stent 

25 is stored in the vial for three days at room temperature. 
The stent is then removed from the vial and dried for one 
hour at 65''C. 

The above procedure is conducted using 
solutions of varying concentrations. Each stent is 

30 analyzed for paclitaxel content by extraction in 
dichloromethane solvent. The results are presented in 
Table IV below. Samples 1 and 2 were obtained using a 
paclitaxel concentration of 10 mg/ml, samples 3 and 4 
using a 20 mg/ml solution and sample 5 and 6 using a 30 

35 mg/ml solution. 

Table IV. Paclitaxel content. 

15 
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Sample 
# 


Paclitaxel 
cone . 
(mg/mi ; 


Paclitaxel 
content 


Coating 
Wt . 

(Mg) 


My 

Paclitaxel 

per 
/ig coating 


1 


10 


44*8 


796 


0. 06 


2 


10 


88 . 2 


859 


0, 10 


3 


20 


151.2 


718 


0.21 


4 


20 


127.6 


702 


0 . 18 


5 


30 


157 . 1 


736 


0.21 


6 


30 


144.3 


629 


0 .23 



10 These results suggest that Paclitaxel loading 

is relatively independent of paclitaxel concentration 
above 20 mg/ml, assuming equilibrium is attained in the 
three-day period. Nevertheless, the 3 0 mg/ml paclitaxel 
concentration is chosen for release studies as it 

15 produces the maximum paclitaxel loading (21-23%) , while 
still being sufficiently below the saturation 
concentration for paclitaxel in ethanol (39 mg/ml) , 

Seven polyurethane coated stents are loaded 
using a 30 mg/ml paclitaxel solution, removed and dried 

20 as set forth above. Paclitaxel from four of the stents 
is extracted in dichloromethane solvent. The results of 
this extraction are presented in Table V below: 

25 



Table V. Paclitaxel content. 



Sample 
# 


Paclitaxel 
cone . 
(mg/ml) 


Paclitaxel 
content 

(Mg) 


Coating 
Wt . 

(Mg) 


Mg Paclitaxel 
per 
Aig coating 


1 


30 


111.7 


676 


0.17 


2 


30 


50 


627 


0. 08 


3 


30 


45.3 


612 


0. 07 


4 


30 


37,4 


602 


0,06 



The remaining three stents are immersed in a 
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solution of phosphate buffered saline solution having pH 
7.4 at 37°C. Cumulative release as a function of time is 
presented in Fig. 8. 

5 Example — 9j Release kinetics of p ?^ clitaye1 from 

polvurethane-based balloon catheter coating . 

Nylon balloons are coated with polyurethane by 
dipping into a 9 wt% solution of CHRONOFLEX polyurethane 
in dimethylacetamide. The balloons are dried in a vacuum 
10 oven overnight at 50°C. 

Each polyurethane coated balloon is loaded with 
paclitaxel either by dipping the coated balloon into a 
paclitaxel and ethanol solution or by dripping a known 
volume of a paclitaxel and ethanol solution onto the 
15 balloon surface. 

In the first instance, a stock saturated 
solution of paclitaxel in ethanol is prepared. Then the 
polyurethane-coated balloon is inflated and submerged in 
the paclitaxel stock solution in a tube. The tube and 
20 balloon are well-sealed to prevent solvent evaporation. 
After remaining in the tube overnight, the ethanol is 
evaporated from the balloon over a suitable time period, 
such as about fifteen minutes. Five "dip-coated" 
balloons are prepared in this fashion. 
25 In the second instance, a stock solution of 

paclitaxel having a concentration of 10 mg/ml prepared. 
Twenty ml of this paclitaxel stock solution are then 
pipetted onto an inflated polyurethane-coated balloon, 
providing a total mass of 200 mg of paclitaxel per 
30 balloon. Afterwards, ethanol is evaporated from the 
balloon over a suitable time period, such as about 
fifteen minutes. Five "drip-coated" balloons are 

prepared in this fashion. 

Two drip-loaded balloons and two dip-loaded 
J5 balloons are taken and the paclitaxel extracted in 
dichloromethane to determine total paclitaxel content. 
The paclitaxel content of the dip-coated balloons is 

17 
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found to be 1093 +/- 439 fig, while the drip-coated 
balloons are found to have 215 +/- li jig paclitaxel. 

For comparison, nylon balloons are coated with 
paclitaxel/polyurethane by dipping the balloons into a 
5 dispersion of 14.5 wt% BAYHYDROL polyurethane (made by 
Bayer) and 2.6 wt% paclitaxel in a mixture of 73.6 vol% 
N-methylpyrrolidinone and 26.4 vol% water. Balloons are 
dried in a vacuum oven overnight at 50°C. The dried 
coatings contain 15% paclitaxel by weight. Nine balloons 

10 are formed. Seven balloons are tested for paclitaxel 
loading yielding an average of 196 +/- 44 jug paclitaxel 
after extraction in dichloromethane . 

The remaining three drip-loaded balloons from 
above, the remaining three dip-loaded balloons from 

15 above, and the remaining two balloons with the 15% 
paclitaxel formulated coating are placed in a solution 
of phosphate buffered saline solution having pH 7.4 at 
37°C, and cumulative paclitaxel release is measured as a 
function of time. The results of this study are 

20 presented in Fig. 9. 

It is to be appreciated that the parameters 
described in the above examples are merely illustrative 
and that the present invention is not limited to such 
parameters. For example, in each of the examples 
provided, any suitable polymer may be used for the 
polymer coating, any suitable drying time periods and 
temperatures may be used, any suitable organic solvent 
may be used, any suitable method for applying the polymer 
coatings to the medical devices may be used, any suitable 
method for applying the drugs to the polymer coatings may 
be used, any suitable water-insoluble analogue of the 
disclosed drugs may be used, and any suitable drug 
loading concentrations may be used. 

The present invention provides a previously 
unknown method and medical device for the localized 
delivery of substantially water-insoluble drugs. Those 

18 
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with skill in the art may recognize various modifications 
to the embodiments of the invention described and 
illustrated herein. Such modifications are meant to be 
covered by the spirit and scope of the appended claims. 
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We claim : 

11. A method comprising the steps of: 
2 

3 providing a polymer; 
4 

5 providing a medical device adapted for insertion 

6 in a body; 
7 

8 coating at least a portion of the exterior 

9 surface of the medical device with the polymer 
10 to form a polymer coating; and 

11 

12 applying a drug solution to the polymer, said 

13 drug solution comprising at least one 

14 substantially water-insoluble drug dissolved in 

15 an organic solvent. 

1 2. The method of claim 1, further comprising the step of 

2 drying said polymer coating such that substantially 

3 all of said solvent is evaporated. 

1 3. The method of claim 1, wherein said polymer is 

2 selected from the group consisting of polycarboxylic 

3 acids, cellulosic polymers, gelatin, 

4 polyvinylpyrrolidone, maleic anhydride polymers, 

5 polyamides, polyvinyl alcohols, polyethylene oxides, 

6 glycosaminoglycans , polysaccharides , polyesters , 

7 polyacry lamides , polyethers, polyurethane 

8 dispersions, acrylic latex dispersions, and mixtures 

9 and copolymers thereof. 

1 4. The method of claim 3, wherein said polymer is 

2 polyacrylic acid. 

1 5. The method of claim 1, wherein said at least one 

2 substantially insoluble drug is selected from the 

20 
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3 group consisting of dexamethasone , molsidomine, 

4 prednisolone, corticosterone, budesonide, estrogen, 

5 sulfasalazine, mesalamine, paclitaxel, cisplatin, 

6 vinblastine, vincristine, epothilones, endostatin, 

7 angiostatin, lidocaine, bupivacaine and ropivacaine. 

1 6. The method of claim 1, wherein said organic solvent 

2 is selected from the group consisting of ethanol, 

3 isopropanol, chloroform, acetone, pentane, hexane, 

4 methylene chloride, and mixtures thereof. 

1 7. The method of claim 6, wherein said organic solvent 

2 includes water. 

1 8. The method of claim 1, wherein said step of applying 

2 a drug solution to said polymer includes the step of 

3 dipping said polymer into said drug solution. 

1 9. The method of claim 1, wherein said drug solution is 

2 applied to said polymer before said polymer is coated 

3 onto said medical device. 

1 10. The method of claim 1, wherein said drug solution is 

2 applied to said polymer after said polymer is coated 

3 onto said medical device. 

1 11. The method of claim 1, wherein said medical device is 

2 selected from catheters, guide wires, balloons, 

3 filters, stents, vascular grafts, and implants. 

1 12. The method of claim 11, wherein said medical device 

2 is a catheter comprising a shaft and an expandable 

3 portion mounted on said shaft, at least a portion of 

4 the exterior surface of the expandable portion being 

5 covered with said polymer coating. 



1 13. The method of claim 1, further comprising positioning 
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2 said medical device at a desired location in a body 

3 lumen • 

1 14. The method of claim 13, wherein said medical device 

2 is a catheter comprising a shaft and an expandable 

3 portion mounted on said shaft, at least a portion of 

4 the exterior surface of the expandable portion being . 

5 covered with said polymer coating. 

1 15. The method of claim 14, further comprising the step 

2 of expanding said expandable portion of said 

3 catheter. 

1 16. The method of claim 15, wherein said catheter 

2 comprises a sheath member which is extendable over 

3 said expandable portion. 

1 17. The method of claim 16, further comprising the steps 

2 of: 
3 

4 extending said sheath over said expandable 

5 portion prior to said positioning; and 
6 

7 exposing said expandable portion from said 

8 sheath prior to said expanding. 



1 18. The method of claim 1, wherein said step of coating 

2 comprises the step of applying multiple layers of said 

3 polymer to said medical device. 

1 19. A medical device for delivering a substantially 

2 water-insoluble drug at a desired location within a body, 

3 comprising: 
4 

5 a medical device adapted for insertion in a 

6 body; and 
7 
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8 a polymer coating containing at least one 

9 substantially water-insoluble drug provided on 

10 at least a portion of said medical device, 

11 wherein said substantially water-insoluble drug 

12 has a water-solubility no greater than 1 part 

13 drug to 30 parts water. 



1 20. The medical device of claim 19, wherein said drug has 

2 a water solubility no greater than 1 part drug to 1,000 

3 parts water. 

1 21. The medical device of claim 20, wherein said medical 

2 device is a catheter for delivering substantially water- 

3 insoluble drugs to a desired location within a body lumen, 

4 said catheter comprising: 
5 



6 a shaft; 
7 

8 an expandable portion mounted on said shaft; and 
9 

10 a polymer coating on at least a portion of said 

11 expandable portion of said catheter, said 

12 polymer coating being impregnated with at least 

13 one substantially water-insoluble drug. 



1 22. The medical device of claim 21, wherein said 

2 expandable portion includes an inflatable balloon. 

1 23. The medical device of claim 22, further comprising a 

2 sheath member extendable over said expandable portion. 

1 24. The medical device of claim 19, wherein said polymer 

2 is selected from the group consisting of polycarboxylic 

3 acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, 

4 maleic anhydride polymers, polyamides, polyvinyl alcohols, 

5 polyethylene oxides, glycosaminoglycans , polysaccharides, 

6 polyesters, polyacrylamides , polyethers, polyurethane 
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7 dispersions, acrylic latex dispersions, and mixtures and 

8 copolymers thereof. 

1 25, The medical device of claim 24, wherein said polymer 

2 is polyacrylic acid. 

1 26. The medical device of claim 19, wherein said at least 

2 one substantially water-insoluble drug is selected from 

3 the group consisting of dexamethasone , molsidomine, 

4 prednisolone, corticosterone, budesonide, estrogen, 

5 sulfasalazine, mesalamine, paclitaxel, cisplatin, 

6 vinblastine, vincristine, epothilones, endostatin, 

7 angiostatin, lidocaine, bupivacaine and ropivacaine. 

1 27. The medical device of claim 21, wherein said 

2 expandable portion includes a stent. 

1 28. The medical device of claim 19, wherein said polymer 

2 coating is layered. 

1 29. A polymer containing at least one substantially 

2 water-insoluble drug. 

1 30. The polymer of claim 29, wherein said polymer is 

2 selected from the group consisting of polycarboxylic 

3 acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, 

4 maleic anhydride polymers, polyamides, polyvinyl alcohols, 

5 polyethylene oxides, glycosaminoglycans , polysaccharides, 

6 polyesters, polyacrylamides , polyethers, polyurethane 

7 dispersions, acrylic latex dispersions, and mixtures and 

8 copolymers thereof . 

1 31. The polymer of claim 30, wherein said polymer is 

2 polyacrylic acid. 

1 32. The polymer of claim 29, wherein said at least one 

2 substantially water-insoluble drug is selected from the 
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3 group consisting of dexamethasone , molsidomine, 

4 prednisolone, corticosterone, budesonide, estrogen, 

5 sulfasalazine, mesalainine , paclitaxel, cisplatin, 

6 vinblastine, vincristine, epothilones, endostatin, 

7 angiostatin, lidocaine, bupivacaine and ropivacaine, 

1 33. The method of claim 1, wherein said polymer is 

2 polyurethane. 

1 34. The method of claim 1, wherein said medical device is 

2 a stent. 

1 35. The method of claim 1, wherein said drug is 

2 paclitaxel. 

1 36. The method of claim 1, wherein said medical device is 

2 a stent, said polymer is polyurethane, and said drug is 

3 paclitaxel. 

1 37. The medical device of claim 19, wherein said polymer 

2 is polyurethane . 

1 38. The medical device of claim 19, wherein said medical 

2 device is a stent. 

1 39. The medical device of claim 19, wherein said drug is 

2 paclitaxel. 

1 40. The medical device of claim 19, wherein said medical 

2 device is a stent, said polymer is polyurethane, and said 

3 drug is paclitaxel. 

1 41. The polymer of claim 29, wherein said polymer is 

2 polyurethane. 

1 42. The polymer of claim 29, wherein said drug is 

2 paclitaxel. 
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1 43. The polymer of claim 29, wherein said polymer is 

2 polyurethane and said drug is paclitaxel. 
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